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(54) A tumor diagnosis apparatus 

(57) Apparatus for the diagnosis of 
malignant tumors relies on varia- 
tions in optical properties of a blood 
or plasma sample 35, 42, when 
measured by irradiating the sample 
with a visible laser beam both with 
and without impression 36, 36', 
43, 43' of a direct-current magnetic 
field on the said sample. As shown, 
detector 40 measures reflectivity 
(determined by refractive index) if 
sample 35 on a glass slide 34. and 
detector 45 measures the spread 
angle of light transmitted by sample 
42. 
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SPECIFICATION 

A tumor diagnosis apparatus 

5 The present invention relates to a tumor diagnosis apparatus, by which one can distinguish 5 
between benign and malignant tumors, and, in case of malignant tumor, diagnose the progress 
of the disease, on the basis of results from tests on human blood and human plasma carried out 
by both magnetic and optical means. 
In routine diagnosis, it is very important to distinguish whether a disease is malignant or 

10 benign and, if malignant, to known the progress of the disease. For malignant diseases such as 10 
carcinosarcoma, evaluation of prognosis or prediction of recuparation after operation is indis- 

. pensa-ble for clinics. For these purposes, many blood-analysis techniques have recently been 
developed, both biochemical and immunological, in addition to conventional methods such as X 
ray and endoscopy. Determination of a disease generally depends mainly on a total evolution by 

1 5 the above, but the perfect solution has not yet achieved. 1 5 

In the last few years laser systems have been proposed as diagnostic means based upon 
human blood analysis to sort and measure blood cells. However, the situation of the art can be 
unfortunately said to be similar. 
In the present invention, it is intended to make diagnosis from tests results by newly 

20 incorporating an effect of magnetic field into the interaction between laser beam and human 20 
blood. The purpose of the present invention is to present a novel apparatus for diagnosis of 
tumors by combining the optical means based upon the effect of laser beam on human Wood 
with an effect of magnetic field. 
In the tumor-diagnostic apparatus of the present invention, human blood and plasma samples 

25 collected from patients of various diseases are irradiated with a visible laser beam, especially the 25 
argon (Ar) laser beam that has its emitting wavelength near to 0.6 fun and is characterized by its 
sensitivity against human blood and plasma. 

The tumor-diagnostic apparatus of the present invention is composed of a malignant tumor- 
diagnostic system (hereinafter called System A), wherein laser beam reflectances of human 

30 blood or plasma sample with and without impression of magnetic field are measured respec- 30 
lively, and, based upon the reflectance variance AR obtained from measured reflectances under 
both conditions, malignant tumor is diagnosed; and the other malignant tumor-diagnostic 
system (hereinafter called System B), wherein the spread angles of the laser beam in the human 
plasma samples under conditions with and without impression of magnetic field are measured, 

35 and, based upon the spread angle variance A0 obtained from measured angles under both 35 
conditions, malignant tumor is diagnosed. 

System A is, in turn, composed of an optical means to irradiate human blood samples from 
various diseases with a visible laser beam, e.g. Ar laser beam of wavelength near to 0.5 pm and 
obtain the reflected beam, and a magnetic means having a dc magnetic field that gives the said 

40 reflected beam variance necessary to distinguish malignancy of diseases from benignancy. 40 
System B is arranged so that it can measure the spread angles of the laser beam that is 
transmitted through the human plasma samples under the conditions with and without the 
magnetic field, respectively, and then diagnose tumors on the basis of the variance of the 
spread engls due to the existence of magnetic field. 

45 For further explanation. Figs. 1 to 20 and Tables 1 to 3 are referred to. 45 
Figure 1 is a principal diagram for System A. 

Figure 2 is an experimental schematic diagram for System A, and Fig. 3 illustrates its main 
part. 

Figure 4 is a principal diagram for System B. 
50 Figure S is an experimental schematic diagram for System B. 50 
Figures 6 to 20 are diagrams illustrating the measured with the use of apparatus of the 
present invention. 

Table 1 shows correlations between various parameters of human corpuscle and reflectance 
variance AR. 

55 Table 2 shows correlations between various parameters of human plasma and reflectance 55 
variance AR. 

Table 3 shows data obtained by statistical analysis of correlations between various parameter 
of human plasma and spread angle variance Ad. 
First a blood sample 2 is dropped on a glass plate 1 as shown in Fig. 1 . The refractive 
60 indices of the air 0, glass plate 7, and sample 2 are given n„, n,, and fi, (as a complex index), 60 
respectively. When the light intensity E* is incident on the sample 2 placed on -the glass plate 1 
at the incident angle ff u the reflected light intensity from the sample 2 is expressed as 
follows, so far as the reflected light from the first surface of the glass plate is ignored: 

65 E^-tf r a (1) 65 
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where t, is the transmittance of the glass plate 1, and r a is the reflectance of the sample 2. 

in general, human blood consists of two major components: plasma and corpuscle. The 
plasma is usually ionized at more than 97% of content, and also about 10% of the corpuscle 
content is ionized. Therefore, these ionized particles must predominate in the optical property 
5 under the impression of magnetic field. Then these optical refractive indices may have a large 
wavelength dependence, depending on the characteristics of ions, molecules, and atoms 
included. 

When there is no magnetic field, the refractive index of the blood sample presents an isotropic 
form given by 

10 

fi a = n a -ik. (2) 

where n, and k are the real and imaginary refractive indices, respectively. When a magnetic field 
is impressed onto the sample, the refractive index may become an anisotropic tensor form with 
1 5 each component n, as follows, since ali charged and ionized particles are influenced by the 
magnetic field: (Refer to K.G. Budden, Radio Wave in the Ionosphere, Cambridge Univ. Press, 
London, 1961, page 199.) 

[ft*. fV f^, 1 
A,,. fi„, (3) 
rw iV fi a J. 

If the amplitude reflectances of the blood sample, plasma or corpuscle, with and without the 
impression of magnetic field, are r, (H) and r a (0), respectively, the reflected intensity variation 
25 AEot, due to the impression is expressed as follows: 

^^E.hfHKIO)]. (4) 

Normalizing this by the reflected light intensity without the impression p.e., Eo-t 2 , r 2 (0) EJ, so 
30 the normalized intensity variation Ar is expressed as follows: 

Ar _AE >u ,_t ?E ln [r a (H)-r 2 (0)] 

E. t? (rj E* 
35 r 2 (H)-r 2 (0) 

(5) 

r a (0) 

Since the intensity reflectance R is defined as R = |r| J , the normalized reflectance variation AR 
40 is given as follows: 

AR = [R a (H>-R a (O)]/R 2 {0), (6) 

where R 2 (H) and R 2 (0) are the reflectance with and without the impression of magnetic field, 
45 respectively. 

Since there should be slight differences of the blood constitution and its particle shape of the 
sample, corpuscle or plasma, between malignant and benign diseases, their reflectance should 
be changed by the impression of magnetic field. Therefore, if one determines AR of both 
corpuscle and plasma components, investigates the features of AR distribution, and searches 
50 statistical correlations between AR and various parameters of conventional blood tests, it may be 
possible to distinguish whether the disease is malignant or benign much more definitely. 

In fact, by the experiments carried out on the basis of such thought and with the use of 
System A according to the present invention, desirable results were obtained as described 
below. 

55 As the optical source seen in Fig. 2, an Ar-ion laser f 1 (NEC 3201 ) tunable with a Littrow 
prism was applied. 

Since it had been observed in preliminary experiments, that the reflectance variations for both 
plasma and corpuscle tend to split so much each other according to malignant or benign, at the 
wavelength of 0.501 7 /un among eight possible wavelengths, so this Tine was used throughout 
60 the experiments. 

The normally polarized beam, i.e., the electric field component vertical with respect to the 
plane of incidence, was incident on the glass plate 14 at an incident angle 8 of 45" through the 
attenuator 12 and the mirror M v The beam intensity to the blood sample 1 3 on the glass plate 
14 was adjusted to a few milliwatts by the attenuator 12 in order to avoid damaging the 
65 sample. Each sample of approximately same amount was dropped on the glass plate 14 of 
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about 5 mm thick by pipet. the glass plate 1 4 was cleaned after each measurement, using a 
hemolytic enzymatic solvent (Amkoa 300). 

A dc magnetic field 18 of about 2.5 kOe was impressed vertically on the incidence plane in 
order to measure the reflectance variation due to the magnetic field. The only reflected beam 
5 from the sample 1 3 was filtered out through the iris 15 placed right after the mirror M 2 (See 
Fig. 3), received by the detector 16, and measured and recorded by the recorder 17. (I.e., 
reflected beams other than that from the sample were refused admission into the detector 1 6 as 
shown in Fig. 3.) 

The following description is referred to System B illustrated in Fig. 4 and Fig. 5. 

10 Human plasma has high transmittance all over the region of visible light. However, when 
visible light of a specific wavelength incident on plasma in a testing cell, the light is scattered 

, with a certain spread angle by plasma component particles. In addition, when a magnetic field is 
impressed thereon, the spread angle brings out some change, since the impressed plasma 
becomes predominantly occupied by electrically charged particles such as ions. 

15 On the basis of such thought, in System B of the present invention, a human plasma sample 
22 was dropped on the glass plate 21, and impressed by the magnetic field in the arrow 
direction shown in Fig. 4. The incidence intensities of the laser beam from the boundary surface 
23, i.e., the second reflective surface, between the sample 22 and the glass plate 21 under the 
conditions with and without the impression of magnetic field, were determined and defined as 

20 l(H) and l(0), respectively. Normalizing the intensity variation Al due to the impression, based 
on of 1(0). the reflectance variance AR was calculated from the reflectance R(H) with the 
impression, and the reflectance R(O) without the impression as follows: 

AR - [R(H)-R(0)]/R(0). (7) 

25 

On the other hand as already mentioned, when a beam of a specific wavelength is incident on 
human plasma, the transmitted beam is scattered, and then the spread angle varies according to 
conditions with and without the impression of magnetic field, similarly to the case of reflectance 
variation; therefore the spread angle variance A0 is given as follows: 

30 

Atf = [0(H)-0(O)]/0(O). (8) 

where 0(H) and 0(0) are the beam spread angle with and without the impression, respectively, in 
the whole half-width. 

35 The experiments were carried out using an apparatus illustrated in Fig. 5. 

An Ar-ion laser 31 (NEC 3201) tunable with a Littrow prism was used as the optical source, 
and the wavelength was set at 0.5017 pm. The normally polarized beam, i.e., the electric field 
component vertical with respect to the plane of incidence, from the laser 31 was incident on the 
glass plate 34 at an incident angle of 45' through the attenuator (not drawn), beam splitter 32 

40 and mirror 33. The beam intensity to the sample 35 was adjusted to a few milliwatts by the 
attenuator in order to avoid damaging the sample. Each sample 35 of approximately same 
amount was dropped on the glass plate 34 of about 5 mm thick by pipet. Several dozens of 
glass plate were provided for a series of measurements, and replaced each time in order. 
A dc magnetic field is impressed on the sample 35 by the impressing device 36, 3ff. parallel 

45 to the incident plane and vertical to the direction of the beam. The beam reflected by the 

boundary interface between the sample 35 and the glass plate 34 is reflected by the mirror 37, 
filtered out through the iris 38, enlarged by the lens 39, received by the detector 40 (GSD- 
100), and measured, recorded and calculated by the recorder (not drawn). 
The main characteristics of System B of the present invention refers to the lower part of Fig. 

50 5. The Ar-ion laser beam of wavelength of 0.501 7 /im for example, is split by the beam splitter 
32, reflected by the mirror 41, and is incident on the plasma cell 42. On the other hand, the 
impression device 43, 43 is placed opposite to the cell 42 and vertical to the incident beam, 
and impresses a dc magnetic field on the ceil. The transmitted laser beam is enlarged by the 
lens 44, and its spread angle is detected by the InAs light-detector 45 with a small opening. 

55 The detector 45 is arranged on an automatic stage (not drawn). The whole half-width of the 
detected angle is measured and recorded by a recorder (not drawn). In this example, a dc 
magnetic field of 3.0 kOe was impressed by the said magnetic field-impression device. 

For testing using System A, blood samples were collected, with adequate medical attention, 
from patients of malignant or benign disease, and from healthy adults as well, and separated 

60 into plasma and corpuscle components. Fig. 6 is a two-dimensional display for reflectance 
variations AR on both components; the ordinate and abscissa refer to the plasma and corpuscle 
components, respectively. Malignant diseases, benign diseases, and postoperative malignant 
diseases are marked as A, 0< and A, respectively. 
As a result, all sample marks are in the third quadrant, but the malignant and benign samples 

65 tend to split each other; malignant samples A are comparatively near to the origin with smaller 
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AR, while benign samples O ere comparatively far from the origin with larger AR. In addition, 
many postoperative malignant samples /s tend to be far from the origin. Healthy samples tend to 
be concentrated in the overlapped region of two major situations, i.e., the critical region. 
Furthermore, some information can be obtained to warn numerical possibility that the malignant 
5 diseases are present with a radius |R| less than 0.485, with a significance level of 10%. 5 
Then, Figs. 7 to 1 3 show the correlations between AR and various parameters in conventional 
blood tests. When these correlations were statistically analysed using a digital computer for the 
average index, covariance, regression line, and correlation coefficient, the results shown in Table 
1 and Table 2 were obtained for both corpuscle and plasma, respectively. 

10 In Table 1 referred to corpuscle, means concentration of corpuscular hemoglobin (MCHC) 10 
shows a high correlation, while number of red blood cells (RBC). amount of hemoglobin <Hb), 
and hematocrit value (Hct) show some correlation: number of platelets (plat.), number of white 
blood cells (WBC), mean corpuscular volume (MCV), and mean amount of corpuscular 
hemoglobin (MCH) do not any correlation. 

15 In Table 2 referred to plasma, iron (Fe), albumin, y,-, J8-, and y-globulins, and icteric index 1 5 
show a high correlation, respectively; while sodium (Na), potassium (K), total protein, albumin- 
globulin ratio (A/G), and a 2 -globulin show some correlation, respectively. Chlorine (CI) and total 
cholesterol do not any correlation. 
Since these correlations are largely dependent on either malignant or benign diseases, they 

20 should constitute very effective means to distinguish between malignant and benign diseases. 20 
For testing using System B, the relationships both between the spread angle variation in 
plasma (Afl) and the reflectance variation of plasma (AR). and between Afl and parameters in 
plasma tests were investigated, especially with reference to both the combined group of benign 
diseases and postoperative malignant tumors (hereinafter called benign-postoperative malignant 

25 group), and the group of malignant tumors. 26 
Fig. 14 is a two-dimensional display referred to A0 vs. AR for plasma samples. In Fig. 14 (and 
so forth on Figs. 1 5 to 20), benign disease, malignant tumor, and postoperative malignant 
tumor are marked as Q, A. and A, respectively. According to the findings of Fig. 14, little 
correlation is found between AR and A0 for the benign-postoperative malignant group (r = 0.1 1, 

30 P'= 0.5), while a negative correlation is found for the malignant tumor group (r « - 0.28. 30 
P - 0.2). 

Figs. 1 5 to 20 show correlations between Ad and parameters of blood tests, only with respect 
to cases of relatively definite correlation found; Fig. 1 5 shows the correlation between M and 
Fe. and Figs. 16 to 20. in turn, those between Ad and Na, albumin, ^-globulin, ot^globulin, 

35 and total bilirubin. Table 3 shows the results of statistical analysis on correlations between Ad 35 
and various parameters. 

To be summarized, correlations are found between A0 and parameters including Fe, Na and 
albumin, with respect to benign-postoperative malignant group, and they also are found 
between Ad and parameters including y r , a a -, and y-globulins, and total bilirubin with respect to 

40 the malignant tumor group. These findings indicate that the diagnosis of malignant tumors may 40 
be possible on the basis of the spread angle variance of selected transmitted laser beam through 
plasma under impression of magnetic field. 
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CLAIMS 



1 . A tumor-diagnostic apparatus which is characterized by diagnosis of malignant tumors on 
the basis of various values indicative of the propeties of blood or plasma sample which are 
measured under the conditions of irradiation of a visible laser beam with and without impression 

5 of a direct-current magnetic field on the said sample. 5 

2. The tumor-diagnostic apparatus as set forth in Claim 1, which consists of a malignant 
tumor-diagnostic system A, which, in turn, consists of a glass plate where each blood or plasma 
sample is placed on its surface, and reflects a visible laser beam incident onto its reverse side 
from the reverse side of the sample, a detector for detecting the said reflected beam, a recorder 

1 0 for measuring and recording the said detected amount and the magnetic field-impression device 1 0 
for impressing a direct-current magnetic field on the said sample; and whereby the laser beam 
reflectance values of the said sample with and without the said impression of magnetic field are 
detected respectively, and the reflectance variances serviceable to the diagnosis of malignant 
tumors are determined; and another malignant tumor-diagnostic system B„ which, in turn 

1 5 consists of a plasma cell capable of transmitting the said visible laser beam, a magnetic field- 1 5 
impression device for impressing a direct-current magnetic field on plasma sample in the cell, a 
detector for detecting the spread angle of transmitted beam through the plasma in the cell, and 
a recorder for measuring and recording the whole half-width on the basis of the above detected 
values; and whereby, beam spread angle variances serviceable to the diagnosis of malignant 

20 tumors is determined with and without impression of magnetic field. 20 

3. The tumor-diagnostic apparatus as set forth in Claim 1 , wherein the visible laser beam is 
an argon laser beam. 

4. A tumor-diagnostic apparatus substantially as hereinbefore described with reference to 
Figs. 1 to 3 of the accompanying drawings. 

25 5. A tumor-diagnostic apparatus substantially as hereinbefore described with reference to 25 
Figs. 4 and 5 of the accompanying drawings. 

6. A tumor-diagnostic apparatus substantially as hereinbefore described with reference to 
Figs. 6 to 20 of the accompanying drawings. 
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